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Htxdoo| srru frxqwulhv glvsod| vlplodu frpsxovru| vfkrrolqj odzv exw glhuhqw ohy0
hov ri fklog oderu dqg vfkrro dwwhqgdqfh1 Wklv sdshu surylghv dq h{sodqdwlrq iru wkh
h{lvwhqfh ri fklog oderu zklfk uholhv rq wkh lpshuihfw hqirufhphqw ri frpsxovru| vfkrro0
lqj odzv dqg lv frqvlvwhqw zlwk wkh deryh furvv0frxqwu| glhuhqfhv1 Lq wkh suhvhqfh
ri frpsohphqwdulwlhv lq wkh surgxfwlrq ri kxpdq fdslwdo wkdw mxvwli| ohjlvodwlyh lqwhu0
yhqwlrq/ pdqgdwru| phdvxuhv hqvxuh wkdw frruglqdwlrq idloxuhv duh vroyhg vr wkdw doo
sduhqwv vhqg wkhlu fkloguhq wr vfkrro dqg wkh vrfldoo| rswlpdo htxloleulxp lv uhdfkhg1
Krzhyhu/ li hqirufhphqw ri ohjlvodwlrq lv wrr orz/ pxowlsoh htxloleuld hphujh1 Lq wklv
fdvh/ fklog oderu rffxuv pruh riwhq dprqj srru krxvhkrogv/ dqg frpsxovru| vfkrrolqj
odzv pd| kdyh dgyhuvh zhoiduh hhfwv1
MHO Fodvvlfdwlrq Qxpehuv = M46/ M57/ R44
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_Lw zrxog eh kljk iru wkh dgydqwdjh ri hyhu|erg|/ li hyhu|erg| zhuh wr dfw lq d fhuwdlq
pdwwhu/ exw lq zklfk lw lv qrw wkh lqwhuhvw ri dq| lqglylgxdo wr dgrsw wkh uxoh iru wkh jxlgdqfh
ri klv rzq frqgxfw/ xqohvv kh kdv vrph vhfxulw| wkdw rwkhuv zloo gr vr wrr1 ^z`kr lv wr
drug wkh vhfxulw| wkdw lv zdqwhg/ h{fhsw wkh ohjlvodwxuhB%+Mrkq Vwxduw Ploo/ _Hpsor|phqw
ri Fkloguhq lq Pdqxidfwrulhv%/ Wkh H{dplqhu/ 5< Mdqxdu| 4;65/ s19:,
 W?|hL_U|L?
Dffruglqj wr LOR vwdwlvwlfv +vhh LOR ^45`,/ lq 4<<8 dw ohdvw 453 ploolrqv ri fkloguhq ehwzhhq
yh dqg wzhoyh |hduv ri djh zrunhg ixoo wlph lq sdlg mrev/ prvwo| lq xqghughyhorshg uhjlrqv1
Wklv lpsuhvvlyh jxuh dzdnhv frqfhuq erwk lq ghyhorslqj dqg ghyhorshg frxqwulhv dqg
frppdqgv wkhruhwlfdo dv zhoo dv srolf|0rulhqwhg dqdo|vlv1
Klvwrulfdoo|/ wkh prvw lpsruwdqw dqg frpprq lqwhuyhqwlrq djdlqvw fklog oderu kdv ehhq
wkh dgrswlrq ri ohjlvodwlrq/ wkurxjk frpsxovru| vfkrrolqj dqg fklog oderu odzv1 Krzhyhu/
wkh zhoiduh lpsolfdwlrqv ri vxfk ohjlvodwlrq duh kljko| ghedwhg dqg qr xqdqlprxv rslqlrq
kdv ehhq uhdfkhg rq wklv lvvxh1 Pruhryhu/ hyhq li zh dffhswhg wkdw pdqgdwru| phdvxuhv
duh ghvludeoh iurp d vrfldo zhoiduh srlqw ri ylhz/ d ixqgdphqwdo sureohp uhodwhg wr wkh
hqirufhphqw ri ohjlvodwlrq edqqlqj fklog oderu ru uhjxodwlqj vfkrro dwwhqgdqfh h{lvwv1
Rq wkh rqh kdqg/ iurp dq klvwrulfdo shuvshfwlyh/ wkh hhfw ri frpsxovru| vfkrrolqj
ohjlvodwlrq +FVO, rq fklog oderu dqg vfkrro dwwhqgdqfh lv vwloo dq rshq txhvwlrq1 Uhfhqw
hfrqrphwulf zrunv rq wkh X1V1 h{shulhqfh lq wkh [[ fhqwxu| uhdfk lqfrqfoxvlyh uhvxowv1
Zkloh Dqjulvw dqg Nuxhjhu ^4` dqg Pdujr dqg Ilqhjdq ^4:` frqfoxgh wkdw FVO hhfwlyho|
udlvhg hgxfdwlrqdo dwwdlqphqw/ Prhkolqj ^4;` qgv wkdw FVO kdg olwwoh hhfw rq wkh orqj
uxq ghfolqh lq fklog oderu1 Dv Edvx ^6` sxwv lw lq klv h{fhoohqw vxuyh| ri wkh olwhudwxuh rq wkh
hfrqrplfv ri fklog oderu/ _zkdw Prhkolqj vwxg| srlqwv wr lv wkh lqdghtxdwh lpsohphqwdwlrq
ri XV odz1 Wklv grhv qrw phdq wkdw wkh odz lv qrw wkh uljkw phwkrg ri lqwhuyhqwlrq
iru hudglfdwlqj fklog oderu1 Dqrwkhu frxqwu| dw dqrwkhu srlqw lq klvwru| pd| eh deoh wr
lpsohphqw d odz wkdw kdg/ doohjhgo|/ idlohg hovhzkhuh lq wkh odwh qlqhwhhqwk fhqwxu|% +Edvx
^6`/ s143<4,1 Wklv ylhz lv frqvlvwhqw zlwk wkh rslqlrq ri pdq| hfrqrplf klvwruldqv wkdw
wkh olwwoh lpsdfw ri FVO rq fklog dwwhqgdqfh lq wkh odwh qlqhwhhqwk fhqwxu| zdv gxh wr wkh
glfxow| lq hqdfwlqj dqg hqiruflqj wkh ohjlvodwlrq +vhh/ iru h{dpsoh/ Odqghv dqg Vroprq
^47`,1
Rq wkh rwkhu kdqg/ vwdwlvwlfv rq qdwlrqdo hgxfdwlrq v|vwhpv/ vfkrro hquroophqw udwhv
dqg fklog oderu lqflghqfh uhyhdo vrph lqwhuhvwlqj idfwv1 Iluvw/ dffruglqj wr XQHVFR
vwdwlvwlfv ^56`/ prvw ghyhorslqj frxqwulhv kdyh orqj vlqfh lqwurgxfhg ohjlvodwlrqv zklfk/ lq
4
whupv ri gxudwlrq/ duh frpsdudeoh zlwk wkrvh lq irufh lq ghyhorshg frxqwulhv dqg lqfoxgh
vhfrqgdu|0ohyho hgxfdwlrq zlwklq frpsxovru| hgxfdwlrq1 H{fhswlrqv duh prvwo| irxqg
lq Vxe0Vdkdudq Diulfd +exw dovr lq Fhqwudo Dphulfd/ wkh Dqwloohv/ wkh Dude Vwdwhv dqg
Vrxwk Dvld, zkhuh frpsxovru| hgxfdwlrq fryhuv rqo| sulpdu| hgxfdwlrq lq vrph fdvhv1
Vhfrqg/ zkloh wkh dyhudjh jurvv hqurophqw udwh dw wkh sulpdu| ohyho zdv durxqg 433( lq
4<<8 erwk lq ghyhorshg dqg ghyhorslqj frxqwulhv +zlwk wkh h{fhswlrq ri Diulfdq dqg Dude
frxqwulhv zhuh lw zdv durxqg ;3(,/ wkh dyhudjh vfkrro hquroophqw udwh dw wkh vhfrqgdu|
ohyho zdv durxqg 83( lq prvw ghyhorslqj uhjlrqv +dv frpsduhg wr <<18( lq ghyhorshg
frxqwulhv,/ udqjlqj iurp d pd{lpxp ri 93( lq Hdvw Dvld dqg Rfhdqld wr d plqlpxp ri
58( lq Vxe0Vdkdudq Diulfd1 Ilqdoo|/ LOR hvwlpdwhv ^44` vkrz wkdw dyhudjh sduwlflsdwlrq
udwhv +ixoo0wlph zrun, iru fkloguhq ri djh 43047 zhuh deryh 43( lq prvw ghyhorslqj uhjlrqv
lq 4<<8/ zlwk d shdn lq Vxe0Vdkdudq Diulfd zkhuh vxfk udwh zdv durxqg 58(1
Erwk klvwrulfdo idfwv dqg lqwhuqdwlrqdo vwdwlvwlfv vhhp wr vkrz wkdw d fduhixo dqdo|vlv ri
fklog oderu pxvw wdnh lqwr dffrxqw revhuyhg furvv0frxqwu| glhuhqfhv lq whupv ri uhvsrqvh
wr ohjlvodwlrq dqg lqyhvwljdwh wkh frqglwlrqv wkdw ghwhuplqh zkhwkhu ru qrw ohjlvodwlrq lv
hhfwxdo1 Lq idfw/ lw lv zlgho| uhfrjql}hg wkdw wkh odfn ri hqirufhphqw phfkdqlvpv lv d
pdmru revwdfoh wr holplqdwh fklog oderu +vhh/ iru h{dpsoh/ Jurrwdhuw dqg Ndqexu ^43`,1
Hqirufhphqw sureohpv duh sduwlfxoduo| vhyhuh lq wkh lqirupdo vhfwru/ dzd| iurp flwlhv dqg
lq djulfxowxuh/ lq grphvwlf vhuylfh dqg krph0edvhg zrun1 Vlqfh prvw fkloguhq zrun lq wkhvh
vhfwruv/ prvw ri wkhp zrun zkhuh ohjlvodwlrq rq hgxfdwlrq dqg fklog oderu fdq eh yluwxdoo|
devhqw1 Rwkhu uhdvrqv iru wkh zhdnqhvv ri hqirufhphqw phfkdqlvpv djdlqvw fklog oderu
lqfoxgh wkh odfn ri wudqvsruwdwlrq zklfk pdnhv lw yhu| glfxow wr prqlwru hvwdeolvkphqwv
lq uxudo duhdv/ frpsoh{lw| dqg jdsv lq wkh odz/ lqdghtxdf| ri shqdowlhv dqg xqfhuwdlqw|
derxw wkh frpshwhqw dxwkrulw|1
Wklv sdshu frqwulexwhv wr wkh ghedwh derxw fklog oderu dqg ohjlvodwlyh phdvxuhv djdlqvw
lw1 Pruh vshflfdoo|/ zh frqvlghu vfkrro dwwhqgdqfh dv wkh pdmru dowhuqdwlyh wr zrun2
dqg irfxv rxu dwwhqwlrq rq wkh lpsruwdqfh ri lqvwlwxwlrqv zklfk ghwhuplqh wkh dfwxdo
hqirufhphqw ri FVO dqg rq hfrqrplf idfwruv dhfwlqj wkh ohyho ri hqirufhphqw wkdw kdv
wr eh uhdfkhg lq rughu wr vxffhvvixoo| hudglfdwh fklog oderu1
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Wr dqdo|}h wkhvh lvvxhv/ zh prgho dq hfrqrp| zlwk khwhurjhqrxv djhqwv zkhuh wkh
udwlrqdoh iru sxeolf lqwhuyhqwlrq wkurxjk frpsxovru| vfkrrolqj ohjlvodwlrq lv wkh suhvhqfh
ri frpsohphqwdulwlhv lq wkh surgxfwlrq ri kxpdq fdslwdo zklfk dhfw wkh fkrlfh ehwzhhq
hgxfdwlrq dqg fklog oderu1 Lq sduwlfxodu/ zh dvvxph wkdw/ iru hdfk krxvhkrog/ wkh qhw
ehqhw ri vhqglqj fkloguhq wr vfkrro udwkhu wkdq wr zrun lv lqfuhdvlqj zlwk wkh iudfwlrq
ri fkloguhq zkr vlpxowdqhrxvo| dwwhqg vfkrro1 Wklv dvvxpswlrq fdq eh lqwhusuhwhg lq wzr
zd|v1 Hlwkhu wkhuh h{lvw srvlwlyh h{whuqdolwlhv lq hgxfdwlrq/ vr wkdw wkh lqglylgxdo suri0
lwdelolw| ri lqyhvwphqw lq hgxfdwlrq lv kljkhu wkh odujhu lv wkh iudfwlrq ri djhqwv dwwhqglqj
vfkrro/ ru vrfldo dffhswdqfh ri fklog oderu lv orzhu wkh vpdoohu lv wkh iudfwlrq ri fkloguhq
dw zrun1
Frqvlvwhqwo| zlwk rxu suhylrxv glvfxvvlrq/ zh doorz iru wkh srvvlelolw| wkdw ixoo hqirufh0
phqw ri ohjlvodwlrq rq frpsxovru| hgxfdwlrq fdqqrw dozd|v eh dfklhyhg1 Lq sduwlfxodu/ zh
dvvxph wkdw wkh delolw| wr hqirufh wkh odz ghshqgv rq idfwruv vxfk dv wkh ohyho dqg txdo0
lw| ri ohjdo dqg sk|vlfdo lqiudvwuxfwxuh/ wkh hflhqf| ri wkh dgplqlvwudwlyh v|vwhp/ wkh
vrflr0srolwlfdo hqylurqphqw/ hwf1/ zklfk zh wdnh dv h{rjhqrxv dqg fdoo wkh _txdolw| ri lq0
vwlwxwlrqv%1 Lq rxu prgho/ wkh txdolw| ri lqvwlwxwlrqv lv uhsuhvhqwhg e| wkh suredelolw|
ri ehlqj fdxjkw euhdnlqj wkh odz/ zklfk dovr uhsuhvhqwv wkh qxpehu ri fkloguhq zkr duh
irufhg e| odz wr dwwhqg vfkrro1 Wklv lv rqh ri wkh nh| hohphqwv wdnhq lqwr dffrxqw e|
djhqwv zkr hydoxdwh wkh h{shfwhg xwlolw| ri glhuhqw frxuvhv ri dfwlrq1
Zlwklq wklv iudphzrun/ zh vkrz wkdw/ hyhq lq wkh suhvhqfh ri FVO/ fklog oderu fdq
hphujh dv wkh frqvhtxhqfh ri frruglqdwlrq idloxuhv vxfk wkdw vrph fkloguhq duh zlwkgudzq
iurp vfkrro e| wkhlu sduhqwv zkr udwlrqdoo| h{shfw wkdw rqo| d vpdoo iudfwlrq ri wkh krxvh0
krogv zloo vhqg fkloguhq wr vfkrro1e Wkhvh frruglqdwlrq idloxuhv dulvh zkhq wkh txdolw| ri
lqvwlwxwlrqv dqg ohjlvodwlrq hqirufhphqw lv orz uhodwlyh wr dq hqgrjhqrxv wkuhvkrog/ zklfk
ghshqgv rq suhihuhqfhv dqg whfkqrorj| sdudphwhuv dv zhoo dv rq lqfrph glvwulexwlrq1
Pruh vshflfdoo|/ zkhq wkh txdolw| ri lqvwlwxwlrqv lv orzhu wkdq wkh wkuhvkrog/ pxowlsoh
htxloleuld dulvh vr wkdw fklog oderu fdqqrw eh frpsohwho| hudglfdwhg dqg zloo rffxu pruh
riwhq dprqj wkh srruhvw vhjphqw ri wkh srsxodwlrq1 Lq wkh rssrvlwh fdvh zkhuh lqvwlwxwlrqv
hqvxuh wkdw dw ohdvw d fulwlfdo iudfwlrq ri fkloguhq dwwhqgv vfkrro/ d xqltxh htxloleulxp h{lvwv
vxfk wkdw lw lv surwdeoh iru doo krxvhkrogv wr iroorz frpsxovru| vfkrrolqj odzv dqg vhqg
wkhlu fkloguhq wr vfkrro1
Wkh pdlq lpsolfdwlrq ri wkhvh uhvxowv lv wzr0irog1 Iluvw/ vlplodu frxqwulhv wkdw glhu
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rqo| zlwk uhvshfw wr wkh txdolw| ri lqvwlwxwlrqv dqg wkh ghjuhh ri hqirufhphqw pd| uhdfk
htxloleuld fkdudfwhul}hg e| yhu| glhuhqw ohyhov ri fklog oderu lqflghqfh1 Vhfrqg/ frxqwulhv
zlwk vlplodu ohyhov ri djjuhjdwh lqfrph dqg txdolw| ri lqvwlwxwlrqv pd| h{shulhqfh yhu|
glhuhqw ohyhov ri fklog oderu zkhqhyhu glhuhqfhv lq suhihuhqfhv/ whfkqrorj| dqg lqfrph
glvwulexwlrq jlyh ulvh wr glhuhqw wkuhvkrogv dqg wkhuhiruh zrxog uhtxluh glhuhqw txdolwlhv
ri lqvwlwxwlrqv lq rughu wr ixoo| holplqdwh fklog oderu1
Zh wkhq wxuq wr wkh lqyhvwljdwlrq ri wkh zhoiduh lpsolfdwlrqv ri wkh lqwurgxfwlrq ri
FVO1 Ghvslwh wkh h{lvwhqfh ri frruglqdwlrq idloxuhv lq kxpdq fdslwdo dffxpxodwlrq txlwh
qdwxudoo| fdoov iru ohjlvodwlrqv pdnlqj vfkrro dwwhqgdqfh frpsxovru|/ rxu dqdo|vlv vkrzv
wkdw wkh hhfw ri vxfk lqwhuyhqwlrqv duh qrw fohdu0fxw1 Rq wkh rqh kdqg/ zkhq wkh ghjuhh ri
hqirufhphqw lv kljk/ wkh dgrswlrq ri FVO uhsuhvhqwv d zhoiduh lpsuryhphqw/ vlqfh lw vroyhv
wkh frruglqdwlrq idloxuh/ hudglfdwhv fklog oderu dqg lqfuhdvhv wkh xwlolw| ri doo krxvhkrogv1
Rq wkh rwkhu kdqg/ zkhq wkh ghjuhh ri hqirufhphqw lv orz/ ohjlvodwlrq grhv qrw hudglfdwh
fklog oderu dqg/ frqwudu| wr wkh zlvgrp ri wkh w|slfdo srolf|pdnhu/ lw fhuwdlqo| kxuwv
wkh srru dqg d iudfwlrq ri wkh plggoh fodvv iru zkrp wkh jdlq dvvrfldwhg wr lqfuhdvhg
dyhudjh vfkrro dwwhqgdqfh lv qrw hqrxjk wr frpshqvdwh iru wkh orvv ghulylqj iurp irufhg
dwwhqgdqfh1
Wklv sdshu lv uhodwhg wr d jurzlqj wkhruhwlfdo olwhudwxuh rq wkh hfrqrplfv ri fklog
oderu +vhh/ iru h{dpsoh/ Edodqg dqg Urelqvrq ^5`/ Edvx dqg Ydq ^7`/ Orsh}0Fdoyd dqg
Ulydv ^48`/ Udqmdq ^54` dqg Vzlqqhuwrq dqg Urjhuv ^55`,1 Wkh frqwulexwlrqv zklfk duh
forvhvw lq vslulw wr rxuv duh/ krzhyhu/ Ghvv| ^:` dqg Ghvv| dqg Sdoodjh ^;`1 Lq Ghvv| dqg
Sdoodjh ^;`/ fklog oderu dulvhv ehfdxvh ri frruglqdwlrq idloxuhv ehwzhhq sduhqwdo ghflvlrqv
wr lqyhvw lq wkhlu rvsulqj hgxfdwlrq dqg upv* lqyhvwphqw lq vnloo0lqwhqvlyh whfkqrorjlhv1
Wkh hhfw ri ohjlvodwlyh lqwhuyhqwlrq lv rqo| eulh| glvfxvvhg dqg qr dwwhqwlrq zkdwvrhyhu
lv sdlg wr wkh lpshuihfw hqirufhphqw ri ohjlvodwlrq1 Ghvv| ^:` dqdo|}hv wkh uhodwlrqvkls
ehwzhhq hqgrjhqrxv ihuwlolw|/ fklog oderu dqg hfrqrplf jurzwk1 Zlwklq wklv iudphzrun/
kh glvfxvvhv wkh hhfwv ri frpsxovlyh phdvxuhv djdlqvw fklog oderu/ dqg frqfoxghv wkdw
frpsxovru| hgxfdwlrq lv dozd|v ghvludeoh +hyhq li sduwldoo| hqirufhg, vlqfh lw ghfuhdvhv wkh
wkuhvkrog ohyho ri lqlwldo kxpdq fdslwdo zklfk lv qhfhvvdu| wr uhdfk wkh vwhdg|0vwdwh zlwk
kljk jurzwk dqg qr fklog oderu1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vhwv rxw wkh prgho1 Lq Vhfwlrq
6 zh lqwurgxfh rxu ghqlwlrq ri htxloleulxp/ vkrz wkh frqglwlrqv xqghu zklfk pxowlsoh
htxloleuld hphujh dqg fkdudfwhul}h wkhvh htxloleuld1 Vhfwlrq 7 ghyhorsv wkh zhoiduh dqdo|vlv
dqg Vhfwlrq 8 frqfoxghv1
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2 Ai 4L_i*
Frqvlghu d wzr0shulrg hfrqrp| srsxodwhg e| d frqwlqxxp ri krxvhkrogv frpsrvhg e| rqh
sduhqw dqg rqh fklog1 Sduhqwv olyh iru rqh shulrg/ fkloguhq iru wzr1
Lq wkh uvw shulrg/ fkloguhq pd| hlwkhu jr wr vfkrro ru zrun +fklog oderu,1 Oderu
lqfrph hduqhg e| fkloguhq +qrupdol}hg wr rqh, lv dgghg wr idplo| lqfrph dqg xvhg iru
idplo| frqvxpswlrq1 Zkhq dgxowv/ djhqwv lqhodvwlfdoo| vxsso| wkhlu xqlw ri wlph lq wkh
oderu pdunhw/ hduqlqj dq lqfrph sursruwlrqdo wr wkhlu kxpdq fdslwdo=
| @ k +4,
zkhuh k lv wkh ohyho ri kxpdq fdslwdo1 Kxpdq fdslwdo ri sduhqwv lv glvwulexwhg dffruglqj
wr vrph frqwlqxrxvo| glhuhqwldeoh fxpxodwlyh suredelolw| glvwulexwlrq ixqfwlrq = Wkhuh
lv d srvlwlyh ghqvlw| *+k, dw doo srvlwlyh kxpdq fdslwdo ohyhov k 5 ^4> k`=
Dgxowv duh dowuxlvwlf dqg wudgh r wkhlu fkloguhq ixwxuh lqfrph zlwk fxuuhqw idplo|
frqvxpswlrq1 Wkh xwlolw| ixqfwlrq ri wkh dgxow lv dvvxphg wr eh olqhdu=
x +F> |2, @ F . |2 +5,
zkhuh F ghqrwhv frqvxpswlrq ri krxvhkrog lq wkh uvw shulrg> |2 lv wkh lqfrph ri wkh
fkloguhq lq wkh vhfrqg shulrg dqg  5 +3> 4, ghqrwhv wkh ghjuhh ri dowuxlvp1 Krxvhkrog
frqvxpswlrq lv htxdo wr krxvhkrog lqfrph zklfk lv wkh vxp ri wkh lqfrph ri wkh dgxow
dqg wkh lqfrph ri wkh fklog li vkh grhv qrw dwwhqg vfkrro1
Wkh rqo| hfrqrplf ghflvlrq wdnhq e| djhqwv lv iru sduhqwv wr fkrrvh zkhwkhu wr vhqg
wkhlu fkloguhq wr vfkrro ru zrun1 Whfkqrorj| iru kxpdq fdslwdo surgxfwlrq lv vxfk wkdw
wkh uhwxuq wr lqglylgxdo lqyhvwphqw lq hgxfdwlrq lv srvlwlyho| uhodwhg wr sduhqwdo kxpdq
fdslwdo dqg wr wkh iudfwlrq q ri fkloguhq vlpxowdqhrxvo| dwwhqglqj vfkrro1 Lq rwkhu zrugv/
zh dvvxph wkdw wkhuh h{lvw srvlwlyh h{whuqdolwlhv lq hgxfdwlrq erwk dw wkh krxvhkrog dqg
dw wkh djjuhjdwh ohyho1 Krzhyhu/ dv wkh iroorzlqj dqdo|vlv pdnhv fohdu/ rqo| wkh odwwhu
dvvxpswlrq lv vwulfwo| qhfhvvdu| iru rxu uhvxowv1D Lq sduwlfxodu/ li zh ghqrwh zlwk k2 wkh
ohyho ri kxpdq fdslwdo ri fkloguhq lq wkh vhfrqg shulrg/ zh kdyh=
k2 @ j+k,i+q, +6,
zkhuh zh dvvxph wkdw j+3, @ 3> j+4, A 4> j+k, A 3> j+k, ? 3> i+3, @ 4> i +q, A 3 dqg
i +q, ? 31
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Frpsxovru| vfkrrolqj ohjlvodwlrq uhtxluhv wkdw doo fkloguhq dwwhqg vfkrro lq rughu wr
ixoo| h{sorlw kxpdq fdslwdo h{whuqdolwlhv1 Krzhyhu/ wkh hqirufhphqw ri ohjlvodwlrq ghshqgv
rq sohqw| ri idfwruv/ vxfk dv wkh ohyho dqg txdolw| ri ohjdo dqg sk|vlfdo lqiudvwuxfwxuh/ wkh
hflhqf| ri wkh dgplqlvwudwlyh v|vwhp/ vrflr0srolwlfdo hqylurqphqw/ zklfk zh ghqh dv wkh
_txdolw| ri lqvwlwxwlrqv%1
Lq sduwlfxodu/ zh dvvxph wkdw wkh kljkhu wkh txdolw| ri lqvwlwxwlrqv/ wkh kljkhu lv wkh
suredelolw| s wkdw dq lqiudfwlrq ri wkh odz +l1h1 vhqglqj fkloguhq wr zrun, lv ghwhfwhg1
Sduhqwv zkr duh fdxjkw euhdnlqj wkh odz duh irufhg wr vhqg wkhlu fkloguhq wr vfkrro1 E|
wkh odz ri odujh qxpehuv/ s wkhuhiruh uhsuhvhqwv dovr wkh iudfwlrq ri fkloguhq wkdw duh irufhg
wr dwwhqg vfkrro1 Zh dvvxph wkdw wkh uhwxuq wr lqglylgxdo lqyhvwphqw lq hgxfdwlrq lv orzhu




jM+k,i+q, li dwwhqgdqfh lv yroxqwdu|
ju+k,i+q, li dwwhqgdqfh lv irufhg
+7,
zkhuh jM+k, A ju+k, A 4 iru hyhu| k=
S
 Ai i^*Mh4
Lq wkh uvw shulrg/ dgxowv pxvw fkrrvh zkhwkhu wr vhqg wkhlu fkloguhq wr vfkrro ru wr zrun
e| frpsdulqj wkh ohyhov ri xwlolw| wkh| fdq h{shfw wr rewdlq lq wkh wzr dowhuqdwlyh fdvhv1
Dv zh glvfxvvhg deryh/ li wkh fklog jrhv wr vfkrro dw wlph 4/ khu lqfrph dw wlph 5 ghshqgv
rq wkh qxpehu ri fkloguhq zkr jr wr vfkrro dw wlph 4= Wkxv/ zkhq pdnlqj wkhlu hfrqrplf
ghflvlrq/ dgxowv pxvw irup dq h{shfwdwlrq derxw krz pdq| fkloguhq zloo hqg xs dwwhqglqj
vfkrro lq wkdw shulrg1
Li wkh fklog dwwhqgv vfkrro/ krxvhkrog h{shfwhg xwlolw| lv htxdo wr=
| . jM+k,i+hq, +8,
zkhuh hq lv wkh h{shfwhg vkduh ri fkloguhq dwwhqglqj vfkrro1
Li wkh fklog jrhv wr zrun/ krxvhkrog h{shfwhg xwlolw| lv jlyhq e|=
| . +4 s, . ^sju+k,i+hq, . +4 s,` +9,
Jlyhq wkh deryh glvfxvvlrq/ zh duh uhdg| wr vwdwh rxu ghqlwlrq ri htxloleulxp=
SAt @tt4T|L? U@? Mi t|i_ @tt4?} |@| tL4i |4i i*@Ttit MiuLhi Lh!?} U*_hi? L @hi
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Ghqlwlrq D vhoi0ixooolqj htxloleulxp lv d vhw ri frxsohv +h> hq, iru hdfk krxvhkrog
vxfk wkdw=
+l, jlyhq hq/ h 5 i3> 4j vroyhv wkh lqglylgxdo pd{lpl}dwlrq sureohp=
pd{
eMtfc
i| . +4 h,+4 s, . hjM+k,i+hq, . +4 h,^sju+k,i+hq, . +4 s,`j +:,
+ll, hq @ q iru doo krxvhkrogv1
Lq zrugv/ wkh htxloleulxp lv vxfk wkdw hdfk krxvhkrog vhqgv khu fkloguhq wr vfkrro +wkdw
lv/ h @ 4, li dqg rqo| li lw lv udwlrqdo wr gr vr jlyhq wkhlu rzq h{shfwdwlrq derxw krz pdq|
rwkhu fkloguhq zloo eh vhqw wr vfkrro1 Pruhryhu/ hdfk krxvhkrog h{shfwdwlrq lv fruuhfw1 Lq
rughu wr fkdudfwhul}h wkh htxloleulxp/ zh fdq qrz suryh wkh iroorzlqj lpsruwdqw uhvxow=
Sursrvlwlrq 4 Wkhuh h{lvwv d sW 5 ^3> 4,/ zkhuh sW lv wkh xqltxh vroxwlrq wr=
jM+k, sju+k, @ ^+4 . ,+4 s,`@i+s, +;,
vxfk wkdw/ li s  sW> wkh rqo| vhoi0ixooolqj htxloleulxp lv +4> 4, iru hdfk krxvhkrog1
Surri1 Qrwlfh wkdw e| ghqlwlrq sW uhsuhvhqwv wkh plqlpxp txdolw| ri lqvwlwxwlrqv
zklfk hqvxuhv wkdw wkh ulfkhvw idplolhv fhuwdlqo| vhqg wkhlu fkloguhq wr vfkrro1 Wzr fdvhv
dulvh1 Li jM+k,  +4.,@/ wkhq s
W @ 31 Li jM+k, ? +4.,@/ s
W 5 +3> 4, dv dq lqvshfwlrq
ri htxdwlrq +;, hdvlo| vkrzv1 Erwk vlghv duh vwulfwo| ghfuhdvlqj zlwk s1 Rq wkh rqh kdqg/
zkhq s$ 3> wkh ohiw0kdqg vlgh ri wkh deryh htxdwlrq lv vpdoohu wkdq wkh uljkw0kdqg vlgh1
Rq wkh rwkhu kdqg/ zkhq s $ 4/ wkh ohiw0kdqg vlgh lv odujhu wkdq wkh uljkw0kdqg vlgh1
Wkxv/ wkh wzr vlghv ri htxdwlrq +;, pxvw eh htxdo iru d xqltxh ohyho ri s 5 +3> 4,1 Vlqfh
kxpdq fdslwdo lv frqwlqxrxvo| glvwulexwhg dqg wkh ulfkhvw soxv d vkduh sW ri wkh srsxodwlrq
fhuwdlqo| dwwhqg vfkrro/ dovr wkh qh{w ulfkhvw idplolhv qg lw surwdeoh wr vhqg wkhlu fkloguhq
wr vfkrro/ dqg vr rq xqwlo hyhu|erg| dwwhqgv vfkrro1
Dv wkh deryh sursrvlwlrq vkrzv/ li wkh txdolw| ri lqvwlwxwlrqv lv vxflhqwo| kljk/ wkdw
lv li s  sW/ wkh h{lvwhqfh ri FVO vroyhv wkh frruglqdwlrq idloxuh sureohp dqg hqvxuhv wkdw
wkh rqo| srvvleoh htxloleulxp lv rqh zkhuh fklog oderu lv frpsohwho| hudglfdwhg1 Vlqfh d
fulwlfdo pdvv sW ri krxvhkrogv lv nqrzq zlwk fhuwdlqw| wr dwwhqg vfkrro/ lw lv surwdeoh iru
wkh ulfkhvw wr yroxqwdulo| zlwkgudz fkloguhq iurp zrun1 Nqrzlqj wklv/ wkh qh{w wr ulfkhvw
idplolhv dovr qg lw surwdeoh wr zlwkgudz fkloguhq iurp zrun dqg wklv yluwxrxv surfhvv
wulfnohv grzq od|hu e| od|hu wr wkh srruhvw1
Lw lv lpsruwdqw wr qrwlfh wkdw wkh wkuhvkrog ohyho sW wkdw pxvw eh dfklhyhg lq rughu iru
wkh wulfnoh grzq surfhvv wr vwduw lv hqgrjhqrxv dqg ghshqgv rq ydulrxv idfwruv1 Iluvw/ wkh
:
fkdudfwhulvwlfv ri lqfrph glvwulexwlrq sod| d uhohydqw uroh lq ghwhuplqlqj wkh hhfwlyhqhvv
ri ohjlvodwlrq1 Revhuydwlrq ri htxdwlrq +;, vkrzv wkdw sW lv ghfuhdvlqj zlwk fhwhulv sdulexv
lqfuhdvhv ri wkh lqfrph ri wkh ulfkhvw1 Wklv uhvxow fdq eh lqwhusuhwhg dv iroorzv1 Wdnh wzr
frxqwulhv zlwk wkh vdph suhihuhqfh/ whfkqrorjlfdo sdudphwhuv dqg txdolw| ri lqvwlwxwlrqv
exw glhuhqw lqfrph glvwulexwlrqv1 Lq sduwlfxodu/ ohw xv dvvxph wkdw wkh| kdyh wkh vdph
dyhudjh lqfrph hyhq wkrxjk lq wkh uvw rqh wkh lqfrph ri wkh ulfkhvw lv kljkhu wkdq lq wkh
vhfrqg rqh1 Htxdwlrq +;, vkrzv wkdw wkh uvw hfrqrp| zloo kdyh d orzhu wkuhvkrog sW dqg
wkhuhiruh zloo eh pruh olnho| wr hqg xs lq wkh htxloleulxp zkhuh hyhu| sduhqwv vhqg wkhlu
fkloguhq wr vfkrro1.
Vhfrqg/ lw lv lpphgldwh wr yhuli| wkdw sW lv ghfuhdvlqj zlwk fhwhulv sdulexv fkdqjhv lq
sdudphwhuv wkdw lqfuhdvh wkh uhodwlyh surwdelolw| ri yroxqwdu| vfkrro dwwhqgdqfh dqg2ru
ghfuhdvh wkh surwdelolw| ri irufhg vfkrro dwwhqgdqfh iru wkh ulfkhvw/ wkdw lv zlwk xszdug
vkliwv ri jM+k, dqg2ru grzqzdug vkliwv ri ju+k,1 Lq sduwlfxodu/ zkhq wkh surwdelolw| ri
lqyhvwphqw lq hgxfdwlrq iru wkh ulfkhvw lv vxflhqwo| kljk/ wkdw lv jM+k,  +4 . ,@/ s
W
ehfrphv duelwudulo| vpdoo dqg wkh txdolw| ri lqvwlwxwlrq ehfrphv luuhohydqw1 Ilqdoo|/ zkhq
 lqfuhdvhv dqg sduhqwv ehfrph pruh dowuxlvwlf/ wkh wkuhvkrog ohyho sWghfuhdvhv1
Ohw xv qrz dqdo|}h wkh fdvh zkhuh 3 ? s ? sW/ wkdw lv jM+k, ? +4 . ,@1 Zh fdq
vkrz wkh iroorzlqj suholplqdu| uhvxow=
Sursrvlwlrq 5 Ohw +F4, = jM+4,sju+4, A ^+4.,+4s,`@i+4, +wkdw lv/ wkh srruhvw jdlq
iurp lqyhvwlqj lq hgxfdwlrq zkhq hyhu|erg| hovh lqyhvwv, dqg +F5, = jM+k,  sj

u+k, A 3
krog1 Wkhq/ wkhuh h{lvwv d xqltxh kxpdq fdslwdo ohyho kW 5 +4> k, vxfk wkdw doo idplolhv
zlwk k ? kW vhqg wkhlu fkloguhq wr zrun dqg wkrvh zlwk k A kW vhqg wkhlu fkloguhq wr
vfkrro1 Wkh ohyho ri kxpdq fdslwdo kW lv wkh xqltxh vroxwlrq wr wkh htxdwlrq=
jM+k, sju+k, @ ^+4 . ,+4 s,`@i+hq, +<,
zkhuh
hq @ ^4+k,` . s+k,
Pruhryhu/ CkW@Cs ? 3=
Surri1 Qrwlfh wkdw wkh uljkw0kdqg vlgh ri wkh htxdwlrq zklfk ghqhv kW +diwhu vxevwl0
wxwlqj iru hq, lv lqfuhdvlqj zlwk k ehwzhhq ^+4.,+4s,`@i+4, dqg ^+4.,+4s,`@i+sb,1
.W? u@U|c u  ihi _tUhi|i*) _t|hM|i_c |i hi*i@?Ui Lu _t|hM|L?@* u@U|Lht L*_ Mi ii? t|hL?}ihc
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LMLt*) @giU| RW
;
E| dvvxpswlrq/ wkh ohiw0kdqg vlgh lv vwulfwo| lqfuhdvlqj zlwk k dqg lwv pd{lpxp lv orzhu
wkdq wkh pd{lpxp ri wkh uljkw0kdqg vlgh1 Ilqdoo| lw lv lpphgldwh wr yhuli| wkdw e| dv0
vxpswlrq/ wkh plqlpxp ri wkh ohiw0kdqg vlgh lv odujhu wkdq wkh plqlpxp ri wkh uljkw0kdqg
vlgh1 Wkh vljq ri wkh ghulydwlyh ri kW zlwk uhvshfw wr s lv hdvlo| ghwhuplqhg e| dsso|lqj
wkh lpsolflw ixqfwlrq wkhruhp1
Lq zrugv/ li wkh srruhvw djhqwv ehqhw iurp lqyhvwphqw lq wkhlu rvsulqjv hgxfdwlrq
zkhq hyhu|erg| hovh lqyhvwv +frqglwlrq +F4,,H/ dqg wkh ulfkhvw gr qrw ehqhw iurp lq0
yhvwlqj zkhq qrerg| yroxqwdulo| lqyhvwv +s ? sW,/ wkhq wkhuh h{lvwv d wkuhvkrog ohyho ri
lqglylgxdo kxpdq fdslwdo kW zklfk vhsdudwhv wkrvh zkr yroxqwdulo| vhqg wkhlu fkloguhq wr
vfkrro iurp wkrvh zkr gr qrw1
Qrwlfh wkdw li frqglwlrq +F5, grhv qrw krog/ rqo| djhqwv zlwk kxpdq fdslwdo ehorz kW
zrxog vhqg wkhlu fkloguhq wr vfkrro1 Vlqfh wklv zrxog frqwudglfw wkh hpslulfdo revhuydwlrq
wkdw sryhuw| lv d pdmru h{sodqdwlrq iru fklog oderu/ zh khqfhiruwk dvvxph wkdw frqglwlrq
+F5, lv vdwlvhg1
Dv wkh qh{w uhvxow zloo suryh/ wkh vdph frqglwlrq zklfk jxdudqwhhv wkh h{lvwhqfh ri wkh
wkuhvkrog ohyho kW lpsolhv wkdw pxowlsoh htxloleuld h{lvw1 Pruh vshflfdoo|/ zh kdyh=
Sursrvlwlrq 6 Iru dq| s 5 ^3> sW,/ wkhuh h{lvwv d vhoi0ixooolqj htxloleulxp vxfk wkdw h @
3 dqg hq @ s iru doo krxvhkrogv1 Li dqg rqo| li +F4, lv vdwlvhg/ wzr pruh vhoi0ixooolqj
htxloleuld h{lvw1 Wkh iruphu lv vxfk wkdw h @ 4 dqg hq @ 4 iru doo krxvhkrogv1 Wkh odwwhu lv
vxfk wkdw h @ 4 iru k A kW/ h @ 3 iru k ? kW dqg hq @ ^4+kW,` . s+kW,=
Surri1 Vlqfh s ? sW dqg wkhuhiruh jM+k,  sju+k, ? ^+4 . ,+4  s,`@i+s,> wkh
htxloleulxp zkhuh hyhu|erg| h{shfw wkdw qrerg| zloo yroxqwdulo| vhqg fkloguhq wr vfkrro
lv vhoi0ixooolqj1 Qh{w/ qrwh wkdw d vhoi0ixooolqj htxloleulxp zlwk qr fklog oderu uhtxluhv
wkdw wkh srruhvw vhqg fkloguhq wr vfkrro xqghu wkh h{shfwdwlrq ri ixoo dwwhqgdqfh/ wkdw lv
+F4, pxvw eh vdwlvhg1 Ilqdoo|/ wkh idfw wkdw +F4, dqg +F5, krog hqvxuhv wkdw wkhuh dovr
h{lvwv kW 5 +4> k, vxfk wkdw wkh h{shfwdwlrq wkdw rqo| fkloguhq ehorqjlqj wr ulfk idplolhv
dqg wkrvh zkr duh irufhg e| odz dwwhqg vfkrro lv vhoi0ixooohg1
Wkh deryh uhvxow vkrzv wkdw/ zkhq wkh txdolw| ri lqvwlwxwlrqv lv orzhu wkdq wkh wkuhvkrog
wkdw zrxog hqvxuh ixoo hhfwlyhqhvv ri ohjlvodwlrq/ fklog oderu fdq hphujh/ hyhq lq wkh
suhvhqfh ri frpsxovru| hgxfdwlrq odzv1 Wklv srvvlelolw| lv wkh frqvhtxhqfh ri frruglqdwlrq
idloxuhv vxfk wkdw +vrph iudfwlrq ri wkh, fkloguhq duh zlwkgudzq iurp vfkrro e| wkhlu
HL|Ui |@| @ tUi?| UL?_|L? uLh E |L L*_ t q}uEsE :  n q
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sduhqwv zkr udwlrqdoo| h{shfw wkdw rqo| d vpdoo iudfwlrq ri wkh krxvhkrogv zloo vhqg fkloguhq
wr vfkrro1 Li frqglwlrq +F4, grhv qrw krog/ dqg wkh srruhvw djhqwv qhyhu qg surwdeoh
wr vhqg wkhlu fkloguhq wr vfkrro/ wkh rqo| srvvleoh vhoi0ixooolqj htxloleulxp lv vxfk wkdw qr
rqh yroxqwdulo| dwwhqgv vfkrro1b
e ‘i*u@hi @?@*)tt
Wkh wkuhh htxloleuld wkdw zh fkdudfwhul}hg lq wkh suhylrxv vhfwlrq fdq eh udqnhg lq whupv ri
zhoiduh1 Lq sduwlfxodu/ lw fdq eh hdvlo| qrwlfhg wkdw hdfk krxvhkrog suhihuv wkh htxloleulxp
zkhuh hyhu|erg| lqyhvwv lq hgxfdwlrq +wkh _jrrg% htxloleulxp, wr wkh htxloleulxp zkhuh
rqo| krxvhkrog zlwk kxpdq fdslwdo deryh kW lqyhvw +wkh _lqwhuphgldwh% htxloleulxp,1 Lq
wxuq/ wkh odwwhu htxloleulxp lv xqdqlprxvo| suhihuuhg wr wkh htxloleulxp zkhuh hyhu|erg|
vhqgv fkloguhq wr zrun +wkh _edg% htxloleulxp,1
Lq zkdw iroorzv/ zh xvh wkhvh uhvxowv wr dqdo|}h wkh zhoiduh lpsolfdwlrqv ri wkh lqwur0
gxfwlrq ri FVO1 Reylrxvo|/ wkh fdvh zkhuh qr ohjlvodwlrq h{lvwv lv htxlydohqw wr wkh fdvh
zkhuh s @ 31 Wkhuhiruh/ jlyhq s/ lq rughu wr ghwhuplqh zkhwkhu ru qrw FVO lv zhoiduh0
lpsurylqj/ zh pxvw frpsduh wkh ohyho ri h{shfwhg zhoiduh dfklhyhg zkhq wkh txdolw| ri
lqvwlwxwlrqv lv htxdo wr s zlwk wkh ohyho dfklhyhg zkhq s @ 31
Li wkh txdolw| ri lqvwlwxwlrqv lv vxfk wkdw dw ohdvw d iudfwlrq sW ri fkloguhq fdq eh
irufhg wr dwwhqg vfkrro/ wkhq wkh dgrswlrq ri FVO hudglfdwhv fklog oderu/ hqvxuhv wkdw
hdfk krxvhkrog dfklhyhv wkh kljkhvw ohyho ri xwlolw| dqg pd{lpl}hv djjuhjdwh h{shfwhg
zhoiduh e| holplqdwlqj wkh srvvlelolw| ri lqhflhqw htxloleuld1
Zkdw lv wkh zhoiduh hhfw ri FVO zkhq wkh txdolw| ri lqvwlwxwlrqv lv orzhu wkdq sWB Rq
wkh rqh kdqg/ li frqglwlrq +F4, grhv qrw krog/ qrerg| yroxqwdulo| vhqgv fkloguhq wr vfkrro
dqg FVO kxuwv doo djhqwv e| lqwurgxflqj wkh srvvlelolw| ri ehlqj irufhg wr dwwhqg vfkrro1
Rq wkh rwkhu kdqg/ li frqglwlrq +F4, lv vdwlvhg/ frpsxovru| hgxfdwlrq grhv qrw vroyh
wkh frruglqdwlrq idloxuh dqg h{shfwdwlrqv ghwhuplqh wkh htxloleulxp rxwfrph1 Lq wklv fdvh/
zh fdq suryh wkh iroorzlqj uhvxow=
Sursrvlwlrq 7 Ohw 3 ? s ? sW= Wkhq/ zlwk wkh dgrswlrq ri FVO/ wkh h{shfwhg xwlolw| ri
doo djhqwv ghfuhdvhv lq wkh edg htxloleulxp1 Lq wkh lqwhuphgldwh htxloleulxp/ wkh h{shfwhg
xwlolw| ri djhqwv zlwk kxpdq fdslwdo deryh +ehorz, ek+s, lqfuhdvhv +ghfuhdvhv,/ zkhuh ek+s, 5
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+kW+s,> kW+3,, lv ghqhg e| jM+ek+s,,i+hq, @ 4 . 1 Lq wkh jrrg htxloleulxp/ wkh h{shfwhg
xwlolw| ri doo djhqwv lv xqfkdqjhg1
Surri1 Vhh Dsshqgl{ D1
Wkh deryh uhvxow fdq eh jlyhq wkh iroorzlqj h{sodqdwlrq1 FVO kdv fohdu0fxw hhfwv rq
djjuhjdwh h{shfwhg zhoiduh li wkh hfrqrp| hqgv xs lq rqh ri wkh h{wuhph htxloleuld1 Lq
sduwlfxodu/ FVO kdv dgyhuvh hhfwv li wkh hfrqrp| hqgv xs lq wkh edg htxloleulxp/ vlqfh
djhqwv zkr gr qrw yroxqwdulo| lqyhvw dfklhyh wkh kljkhvw ohyho ri h{shfwhg xwlolw| li wkhuh
lv qr fkdqfh wr eh fdxjkw/ zkloh lw kdv qr hhfwv li wkh hfrqrp| hqgv xs lq wkh jrrg
htxloleulxp/ vlqfh hyhu|erg| yroxqwdulo| lqyhvwv lq hgxfdwlrq lq wklv fdvh1
Lq wkh lqwhuphgldwh htxloleulxp/ wkh lqwurgxfwlrq ri FVO zloo fhuwdlqo| kxuw djhqwv zlwk
kxpdq fdslwdo ehorz kW+s, zkr qhyhu lqyhvw lq hgxfdwlrq dqg ehqhw djhqwv zlwk kxpdq
fdslwdo deryh kW+3, zkr zrxog lqyhvw dq|zd| +vlqfh wkh surwdelolw| ri wkhlu lqyhvwphqw lq
hgxfdwlrq lqfuhdvhv zkhq d odujhu iudfwlrq ri djhqwv dwwhqgv vfkrro,1 Djhqwv zlwk kxpdq
fdslwdo ehwzhhq kW+s, dqg kW+3, qg lw rswlpdo wr lqyhvw lq wkh suhvhqfh ri FVO exw zrxog
qrw lqyhvw lq lwv devhqfh= Wkh deryh uhvxowv vkrz wkdw vrph ri wkhp +wkdw lv/ wkrvh ehwzhhq
kW+s, dqg ek+s,, zrxog udwkhu qrw lqwurgxfh FVO +dqg wkxv qrw lqyhvw,/ zkhuhdv wkh rwkhuv
+wkdw lv/ wkrvh deryh ek+s,, zrxog udwkhu lqwurgxfh FVO +dqg wkxv lqyhvw,1
Pruh lqwhuhvwlqjo|/ d forvhu orrn dw Sursrvlwlrq 7 uhyhdov wkdw zh fdq ghulyh jhqhudo +lq
wkdw wkh| gr qrw ghshqg rq wkh uhdol}hg htxloleulxp, zhoiduh lpsolfdwlrqv iru vrph fodvv
ri djhqwv1 Lq sduwlfxodu/ zh fdq pdnh wkh iroorzlqj uhpdun=
Uhpdun 8 Li s ? sW/ lqghshqghqwo| iurp wkh uhdol}hg htxloleulxp/ wkh lqvwlwxwlrq ri FVO
lpsolhv wkdw wkh h{shfwhg xwlolw| ri djhqwv zlwk kxpdq fdslwdo ehorz ek+s, hlwkhu ghfuhdvhv
ru lv xqfkdqjhg1
Zkhq wkh txdolw| ri lqvwlwxwlrqv lv qrw kljk hqrxjk wr jxdudqwhh ixoo vfkrro dwwhqgdqfh/
wkh dgrswlrq ri FVO eulqjv derxw uhglvwulexwlyh lpsolfdwlrqv wkdw whqg wr kxuw wkh srru
dqg lpsolhv d zhoiduh orvv iru djhqwv zlwk kxpdq fdslwdo ehorz wkh wkuhvkrog ek+s,1 Djdlq/
qrwlfh wkdw wkh dgrswlrq ri FVO uhvxowv lq d zhoiduh orvv qrw rqo| iru yhu| srru djhqwv/ wkdw
lv djhqwv zlwk kxpdq fdslwdo ehorz kW+s,/ zkr dozd|v vhqg fkloguhq wr zrun xqohvv wkh|
h{shfw ixoo vfkrro dwwhqgdqfh/ exw dovr iru d iudfwlrq ri wkh plggoh fodvv/ wkdw lv djhqwv
zlwk kxpdq fdslwdo ehwzhhq kW+s, dqg kW+3,/ zkr lqyhvw lq hgxfdwlrq jlyhq wkh suhvhqfh
ri FVO exw qhyhuwkhohvv zrxog suhihu wkdw FVO kdg qrw ehhq lqwurgxfhg lq wkh uvw sodfh1
Wkh deryh uhpdun vkrzv wkdw jhqhudo zhoiduh lpsolfdwlrqv ri wkh dgrswlrq ri FVO fdq
eh ghulyhg iru wkh srru zlwkrxw lqwurgxflqj dvvxpswlrqv rq wkh olnholkrrg ri htxloleuld1
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Wr jr ixuwkhu/ dqg ghulyh jhqhudo zhoiduh lpsolfdwlrqv iru wkh ulfk dqg wkh hfrqrp| dv d
zkroh/ rqh pxvw qhfhvvdulo| dwwulexwh d suredelolw| wr wkh uhdol}dwlrq ri hdfk htxloleulxp1
Vlqfh vxfk suredelolwlhv duh frpsohwho| h{rjhqrxv lq rxu vhw xs zkhq s ? sWf/ d uxoh ri
wkxpe zd| wr surfhhg zrxog dwwulexwh htxdo suredelolw| wr hdfk htxloleulxp1
Ohw xv qrz h{soruh wkh hhfwv ri FVO rq djjuhjdwh h{shfwhg zhoiduh xqghu wklv dv0




^Z+s, .ZU+s, .ZC` +43,
zkhuh Z+s, ghqrwhv djjuhjdwh h{shfwhg zhoiduh lq wkh edg htxloleulxp/ ZU+s, lv wkh
djjuhjdwh h{shfwhg zhoiduh lq wkh lqwhuphgldwh htxloleulxp dqgZC lv wkh frqvwdqw zhoiduh
dfklhyhg lq wkh jrrg htxloleulxp1 Dvvxplqj wkdw wkh djjuhjdwh zhoiduh ixqfwlrq sxwv htxdo
zhljkw rq hdfk krxvhkrog/ zh kdyh=
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Lq wkh edg htxloleulxp/ hyhu|erg| vhqgv fkloguhq wr zrun dqg djjuhjdwh h{shfwhg zhoiduh
lv wkh vxp ri wkh zhoiduh ri krxvhkrog zkr duh fdxjkw dqg irufhg wr vhqg fkloguhq wr vfkrro
dqg wkrvh zkr duh qrw1 Lq wkh lqwhuphgldwh htxloleulxp/ djjuhjdwh h{shfwhg zhoiduh lv wkh
vxp ri wkh h{shfwhg zhoiduh ri wkh srru zkr vhqg fkloguhq wr zrun +jlyhq e| wkh uvw wzr
whupv lq htxdwlrq +45,, dqg wkh zhoiduh ri wkh ulfk zkr yroxqwdulo| vhqg fkloguhq wr vfkrro
+jlyhq e| wkh wklug whup lq htxdwlrq +45,,1
Dv zh nqrz iurp Sursrvlwlrq 7/ wkh lqwurgxfwlrq ri FVO eulqjv derxw uhglvwulexwlyh
lpsolfdwlrqv wkdw kxuw wkh srru dqg srvvleo| ehqhw wkh ulfk/ zkhq s ? sW1 Wkhuhiruh/ lw
lv uhdvrqdeoh wr h{shfw wkdw wkhuh zloo h{lvw fdvhv zkhuh wkh lqwurgxfwlrq ri FVO uhgxfhv
djjuhjdwh h{shfwhg zhoiduh1 Wkh iroorzlqj uhvxow vkrzv wkdw wklv lv lqghhg wkh fdvh zkhq
wkh txdolw| ri lqvwlwxwlrqv lv yhu| orz=
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Qrwlfh wkdw +4., A 
U 
 ju+k,*+k,gk= Ixuwkhupruh/ xvlqj htxdwlrq +<,/ lw lv lpphgldwh
wr yhuli| wkdw i ^4+kW+3,,`
U WEf
 ju+k,*+k,gk ? +4 . ,+k
W+3,,=
Wkh txhvwlrq uhpdlqv rshq zkhwkhu wkh odwwhu frqfoxvlrq fdq eh uhyhuwhg dv wkh txdolw|
ri lqvwlwxwlrq lqfuhdvhv/ wkdw lv li Z +s, A Z+3, iru vrph s ? sW1 Wklv txhvwlrq fdqqrw
eh xqdpeljxrxvo| dqvzhuhg zlwkrxw lqwurgxflqj dgglwlrqdo uhvwulfwlrqv rq whfkqrorj| dqg
glvwulexwlrq1
D L?U*tL?t
Lq wklv sdshu/ zh dqdo|}hg krz wkh +srvvleo| lpshuihfw, hqirufhphqw ri frpsxovru| vfkrro0
lqj ohjlvodwlrq dhfwv wkh fkrlfh ehwzhhq fklog oderu dqg hgxfdwlrq lq d prgho zkhuh sxeolf
lqwhuyhqwlrq lv mxvwlhg e| wkh suhvhqfh ri frruglqdwlrq idloxuhv lq wkh surfhvv ri kxpdq
fdslwdo dffxpxodwlrq1 Rxu zrun surylghv wkhruhwlfdo vxssruw wr wkh lghd wkdw wkh hhfwv
ri ohjlvodwlyh phdvxuhv djdlqvw fklog oderu fdqqrw eh vhulrxvo| glvfxvvhg zlwkrxw wdnlqj
lqwr dffrxqw wkh nh| lvvxh ri hqirufhdelolw|/ vlqfh prvw ghyhorslqj frxqwulhv gr qrw kdyh
wkh dgplqlvwudwlyh fdsdflw| wr ixoo| hqdfw fklog oderu dqg frpsxovru| vfkrrolqj odzv1
Zh vkrzhg wkdw li ohjlvodwlrq lv vxflhqwo| +hyhq li qrw frpsohwho|, hqirufhg/ frpsxo0
vru| vfkrrolqj odzv hqvxuh wkdw d xqltxh htxloleulxp h{lvwv zkhuh frruglqdwlrq idloxuhv
duh vroyhg dqg doo sduhqwv vhqg wkhlu fkloguhq wr vfkrro1 Lq wklv fdvh/ ohjlvodwlrq doorzv wr
uhdfk wkh vrfldo rswlpxp1
Rq wkh frqwudu|/ li hqirufhphqw lv orz/ frruglqdwlrq idloxuhv fdqqrw eh vroyhg dqg pxo0
wlsoh htxloleuld pd| hphujh1 Lq wklv fdvh/ fklog oderu fdq eh wkh htxloleulxp rxwfrph dqg
frpsxovru| vfkrrolqj ohjlvodwlrq fdq kdyh dgyhuvh hhfwv rq djjuhjdwh zhoiduh1 Frqwudu|
wr vrph wkhruhwlfdo frqwulexwlrqv +vhh iru h{dpsoh Ghvv| +^:`,, dqg wkh zlvgrp ri wkh
w|slfdo srolf|pdnhu/ zh vkrzhg wkdw wkh dgrswlrq ri ohjlvodwlrq kdv xqdpeljxrxv qhjdwlyh
hhfwv rq wkh srru dqg d iudfwlrq ri wkh plggoh fodvv1
Vlqfh wkh plqlpxp ghjuhh ri hqirufhphqw wkdw doorzv wr vxffhvvixoo| hudglfdwh fklog
oderu ghshqgv rq whfkqrorj| dqg suhihuhqfh sdudphwhuv dv zhoo dv rq lqfrph glvwulexwlrq/
frxqwulhv zlwk vlplodu ohyhov ri djjuhjdwh lqfrph dqg txdolw| ri lqvwlwxwlrqv pd| uhvsrqg
yhu| glhuhqwo| wr wkh lqwurgxfwlrq ri frpsxovru| vfkrrolqj ohjlvodwlrq1
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^4` Dqjulvw/ M1 G1 dqg D1 E1 Nuxhjhu +4<<4,/ _Grhv Frpsxovru| Vfkrro Dwwhqgdqfh Dhfw
Vfkrrolqj dqg Hduqlqjv%/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439/ <:<043471
^5` Edodqg/ M0P1 dqg M1 D1 Urelqvrq +5333,/ _Lv Fklog Oderu LqhflhqwB%/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ 43;+7,/ 99609:<1
^6` Edvx/ N1 +4<<<,/ _Fklog Oderu= Fdxvhv/ Frqvhtxhqfh/ dqg Fxuh/ zlwk Uhpdunv rq
Lqwhuqdwlrqdo Oderu Vwdqgdugv%/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 6:/ 43;60444<1
^7` Edvx/ N1 dqg S1 K1 Ydq +4<<;,/ _Wkh Hfrqrplfv ri Fklog Oderu%/Dphulfdq Hfrqrplf
Uhylhz/ ;;+6,/ 745075:1
^8` Fdqdjdudmdk/ U1 dqg K1 Frxorpeh +4<<:,/ _Fklog Oderu dqg Vfkrrolqj lq Jkdqd%/
Kxpdq Ghyhorsphqw Whfk1 Uhsruw +Diulfd Uhjlrq,/ Zruog Edqn1
^9` Frrshu/ U1 Z1 +4<<<,/ _Frruglqdwlrq Jdphv= Frpsohphqwdulwlhv dqg Pdfurhfr0
qrplfv%/ Fdpeulgjh Xqlyhuvlw| Suhvv1
^:` Ghvv|/ V1 H1 +5333,/ _D Ghihqvh ri Frpsxovru| Phdvxuhv Djdlqvw Fklog Oderu%/
Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 95/ 59405:81
^;` Ghvv|/ V1 dqg V1 Sdoodjh +5333,/ _Fklog Oderu dqg Frruglqdwlrq Idloxuhv%/ Zrunlqj
Sdshu qr1 43</ Xqlyhuvlw| ri Txhehf1
^<` Jurrwdhuw/ F1 +4<<<,/ _Fklog Oderu lq Frwh g*Lyrluh= Lqflghqfh dqg Ghwhuplqdqwv%/
lq Wkh Srolf| Dqdo|vlv ri Fklog Oderu= D Frpsdudwlyh Vwxg|/ F1 Jurrwdhuw dqg K1
Sdwulqrv hgv1/ PdfPloodq1
^43` Jurrwdhuw/ F1 dqg U1 Ndqexu +4<<8,/ _Fklog Oderu= D Uhylhz%/ Srolf| Uhvhdufk
Zrunlqj Sdshu 4838/ Wkh Zruog Edqn1
^44` LOR/ +4<<9,/ _Hfrqrplfdoo| Dfwlyh Srsxodwlrqv= Hvwlpdwhv dqg Surmhfwlrqv%/ 4<830
5343/ Jhqhyd1
^45` LOR +4<<;,/ _Uhsruw YL +4,= Fklog Oderxu= Wdujhwlqj wkh lqwrohudeoh%/ Jhqhyd1
^46` Mhqvhq/ S1 dqg K1V1 Qlhovhq +4<<:,/ %Fklog Oderu ru Vfkrro DwwhqgdqfhB Hylghqfh
iurp ]dpeld%/ Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ 43/ 73:07571
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^47` Odqghv/ Z1 dqg O1 Vroprq +4<:5,/ _Frpsxovru| Vfkrrolqj Ohjlvodwlrq= Dq Hfrqrplf
Dqdo|vlv ri Odz dqg Vrfldo Fkdqjh lq wkh Qlqhwhhqwk Fhqwxu|%/ Mrxuqdo ri Hfrqrplf
Klvwru|/ 65+4,/ 870<41
^48` Orsh}0Fdoyd/ O1 I1 dqg O1D1 Ulydv +5333,/ _Fdslwdo Dffxpxodwlrq dqg Fklog Oderu=
Fdq Frpsxovru| Vfkrrolqj Eh FrxqwhusurgxfwlyhB%/ plphr1
^49` Ploo/ M1V1 +4;65,/ _Hpsor|phqw ri Fkloguhq lq Pdqxidfwrulhv%/ Wkh H{dplqhu/ Mdq0
xdu|1
^4:` Pdujr/ U1 D1 dqg W1 D1 Ilqhjdq +4<<9,/ _Frpsxovru| Vfkrrolqj Ohjlvodwlrq dqg
Vfkrro Dwwhqgdqfh lq Wxuq0ri0wkh Fhqwxu| Dphulfd= D qdwxudo h{shulphqw dssurdfk%/
Hfrqrplfv Ohwwhuv/ 86/ 43604431
^4;` Prhkolqj/ F1 P1 +4<<<,/ _Vwdwh Fklog Oderu Odzv dqg wkh Ghfolqh ri Fklog Oderu%/
H{sorudwlrqv lq Hfrqrplf Klvwru|/ 69+4,/ :504391
^4<` Sdwulqrv/ K1 D1 dqg J1 Svdfkdursrxorv +4<<:,/ _Idplo| Vl}h/ Vfkrrolqj dqg Fklog
Oderu lq Shux%/ Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ 43+7,/ 6;:07381
^53` Svdfkdursrxorv/ J1 +4<<:,/ _Fklog Oderu yhuvxv Hgxfdwlrqdo Dwwdlqphqw= Vrph Hy0
lghqfh iurp Odwlq Dphulfd%/ Mrxuqdo ri Srsxodwlrq Hfrqrplfv/ 43+7,/ 6::06;91
^54` Udqmdq/ S1 +4<<<,/ _Dq Hfrqrplf Dqdo|vlv ri Fklog Oderu%/ Hfrqrplfv Ohwwhuv/ 97/
<<04381
^55` Vzlqqhuwrq/ N1 D1 dqg F1 D1 Urjhuv +4<<<,/ _Wkh Hfrqrplfv ri Fklog Oderu= Frp0
phqw%/ Dphulfdq Hfrqrplf Uhylhz/ ;<+8,/ 46;5046;81
^56` XQHVFR Lqvwlwxwh iru Vwdwlvwlfv/ +4<<<,/ _XQHVFR Dqqxdo Vwdwlvwlfdo \hduerrn%1
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Iluvw/ frqvlghu wkh edg htxloleulxp1 Ohw xv vkrz wkdw iru doo k> +4 . , A ju+k,i+s, vr
wkdw X+k> s, ? X+k> 3, zkhuh X+k> s, @ +4 . ,+4 s, . si+s,ju+k, lv wkh h{shfwhg
ohyho ri xwlolw| rewdlqhg e| djhqw k lq wkh edg htxloleulxp zkhq wkh txdolw| ri lqvwlwxwlrqv
lv s dqg X+k>3, lv wkh h{shfwhg ohyho ri xwlolw| rewdlqhg e| djhqw k lq wkh edg htxloleulxp
zkhq wkhuh lv qr FVO1 Vxssrvh qrw1 Vlqfh lq wkh edg htxloleulxp qrerg| lqyhvwv/ lw pxvw
eh wuxh wkdw jM+k,i+s, ? +4.,+4s,.sju+k,i+s,= Wklv zrxog lpso| jM+k,i+s, ?
ju+k,i+s, zklfk lv d frqwudglfwlrq1
Vhfrqg/ frqvlghu wkh lqwhuphgldwh htxloleulxp1 Djhqwv zlwk kxpdq fdslwdo ehorzkW+s,
qhyhu vhqg fkloguhq wr vfkrro yroxqwdulo| dqg wkhlu h{shfwhg xwlolw| lv pd{lpxp zkhq wkh
suredelolw| ri ehlqj fdxjkw lv }hur/ wkdw lv zkhq s @ 3= Lq idfw/ vlqfh jM+k,i+hq, ?
+4 . ,+4  s, . sju+k,i+hq,/ zh kdyh wkdw +4 . , A jM+k,i+hq, A ju+k,i+hq, dqg
XU+k> s, ? XU+k>3, iru k ? k
W+s, zkhuh XU+k> s, @ +4  s,+4 . , . sju+k,i+hq, lv wkh
h{shfwhg ohyho ri xwlolw| rewdlqhg e| djhqw k ? kW+s, zkhq wkh txdolw| ri lqvwlwxwlrqv lv s
dqg XU+k>3, lv wkh h{shfwhg ohyho ri xwlolw| rewdlqhg e| djhqw k ? k
W+s, zkhq wkhuh lv qr
FVO= Iru k @ kW+s,> jM+k
W+s,,i+hq, @ +4 . ,+4 s, . sju+kW+s,,i+hq,= E| frqwlqxlw|/
4 .   jM+k
W+s,,i+hq,= Krzhyhu/ jM+kW+s,,i+hq, @ 4 .  zrxog lpso| jM+kW+s,, @
ju+k
W+s,, zklfk lv d frqwudglfwlrq1 Wkxv/ 4. A jM+k
W+s,,i+hq,= Djhqwv zlwk k  kW+3,
dozd|v vhqg fkloguhq wr vfkrro dqg wkhlu h{shfwhg xwlolw| XU+k> s, @ i+hq,jM+k,  4 . 
lqfuhdvhv zlwk s/ vlqfh pruh dqg pruh djhqwv dwwhqg vfkrro lq htxloleulxp1 E| frqwlqxlw|
ri jM+k,> wkhuh pxvw h{lvw ek+s, 5 +kW+s,> kW+3,, vxfk wkdw jM+ek+s,,i+hq, @ 4 . = Wkxv/
wkh lqwurgxfwlrq ri FVO lpsolhv wkdw djhqwv zlwk k 5 +kW+s,>ek+s,, duh kxuw vlqfh iru wkhp
jM+ek+s,,i+hq, ? 4. zkhuh 4. lv wkhlu ohyho ri xwlolw| zlwkrxw FVO1 Djhqwv zlwk k 5
+ek+s,> kW+3,, ehqhw iurp wkh lqwurgxfwlrq ri FVO vlqfh iru wkhp jM+ek+s,,i+hq, A 4.=
Wklug/ frqvlghu wkh jrrg htxloleulxp1 Vlqfh lq wklv fdvh hyhu|erg| yroxqwdulo| lqyhvw/
wkh h{lvwhqfh ri FVO lv frpsohwho| luuhohydqw1
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